1 Method Details
Noble Water Method
The chemical potential can be approximated by using
where ∆U (N +1,N ) = U (s N +1 ) − U (s N ) denotes the potential energy dierence for the insertion of a single particle, k B is Boltzmann's constant, and Λ d the thermal wavelength in d dimensions. Here, T denotes the temperature, V denotes the volume, and N the number of particles. *
To whom correspondence should be addressed 1 In this approximation, the chemical potential is split into an ideal gas part µ ideal and an excess part µ ex containing the congurational contribution. With N w water and N p solute molecules the chemical potential of water is
where G is the Gibb's free energy. The ideal part in (1) The second term in equation (1) oers a way to calculate µ ex w by performing n random water insertions into a pre-calculated N -particle trajectory by
using brute force sampling and assuming ergodicity. This is the TPI method.
In addition to massive convergence problems for complex systems, the insertions are performed uniformly and thus an energy bias is introduced which results in systematic errors in the approximation of µ ex w . Especially for solute-solvent systems, that have a higher density than pure water, uniform insertions are likely to result in insertions very close to other particles and representing a state that is very unlikely in a true ensemble. For close contacts the repulsive term of the Lennard-Jones potential is the determining factor, therefore in this case, ∆U (N w+1 ,Nw) will be very large and µ ex w is expected to be higher than the true value.
Thus, the direct use of the method should be avoided for dense systems.
The noble water Method introduced by Knopp et. al 4 aims to circumvent this problem.
The method combines TPI with alchemical mutations of the water molecules to a less dense, so called noble water, to reduce the bias of the TPI method which is applied after the mutation. The free energy dierence ∆A ex BAR for this transformation is calculated per water molecule using either TI as in the original method or BAR, as done here.
We mutate from regular water to noble water because the phase space overlap, measured in terms of relative entropy, 5 is better than for the mutation from noble water to regu- The system was sampled for 2 ns and the rst 100 ps were neglected as additional equilibration. To ensure convergence, the evolution of ∆A ex BAR as a function of simulation time was evaluated. Convergence was archived within 100 ps (200 ps total simulation time)
for the pure water systems.
For the TPI method we used a 50 ns trajectory with a frame interval of 2 ps and performed 2 million insertions per frame. To check for convergence, µ ex T P I was monitored as a function of simulation time. Only minor uctuation in µ ex T P I were observed after 10 ns for all water models. Using twice the amount of insertions and a doubled simulation time gave virtually indistinguishable results, i.e. a deviation smaller than 0.001 kJ mol −1 .
Direct Bennets Acceptance Ratio
As for TPI, the principle of free energy methods such as BAR is to insert a molecule into a given system. Instead of using a pre-calculated trajectory, this is accomplished using 27 λ states for which the system is sampled and allowed to equilibrate. Only minor uctuations were observed after 100 ps (200 ps total simulation time), therefore, we assume convergence.
Osmotic Pressure Method
The bulk density of TIP5P water in a pure water system at a pressure of 1 bar is found to be 980.252 kg/m 3 . The osmotic pressure systems are set up to match this value of the bulk density, taking into account the excluded volume eects of the repulsive walls at the box boundaries in the z-direction.
To test how much the results are aected by the small size of the bulk water region, a test simulation with a signicantly larger bulk water region of 6 nm water on each side was performed for a solution with a 1 m glucose concentration, using 200 ns of simulation time.
The osmotic pressure value found in this simulation is 2.57±0.097 MPa. The value found for the 2 nm water bath at the same glucose concentration is 2.51 ± 0.01 MPa. These values are in good agreement within the error margins. The larger error in the 6nm bath system is due to the shorter simulation time.
Metadynamics Calculations
To obtain the free energy maps we used the Plumed 2.2. 
